The precise localisation of osteoarthritic changes is crucial for selective surgical treatment. Single photon-emission CT-CT (SPECT-CT) combines both morphological and biological information. We hypothesised that SPECT-CT increased the intra-and interobserver reliability to localise increased uptake compared with traditional evaluation of CT and bone scanning together. We evaluated 20 consecutive patients with pain of uncertain origin in the foot and ankle by radiography and SPECT-CT, available as fused SPECT-CT, and by separate bone scanning and CT. Five observers assessed the presence or absence of arthritis. The images were blinded and randomly ordered. They were evaluated twice at an interval of six weeks. Kappa and multirater kappa values were calculated.
The precise localisation of osteoarthritic changes is crucial for selective surgical treatment. Single photon-emission CT-CT (SPECT-CT) combines both morphological and biological information. We hypothesised that SPECT-CT increased the intra-and interobserver reliability to localise increased uptake compared with traditional evaluation of CT and bone scanning together. We evaluated 20 consecutive patients with pain of uncertain origin in the foot and ankle by radiography and SPECT-CT, available as fused SPECT-CT, and by separate bone scanning and CT. Five observers assessed the presence or absence of arthritis. The images were blinded and randomly ordered. They were evaluated twice at an interval of six weeks. Kappa and multirater kappa values were calculated.
The mean intraobserver reliability for SPECT-CT was excellent (κ = 0.86; 95% CI 0.81 to 0.88) and significantly higher than that for CT and bone scanning together. SPECT-CT had significantly higher interobserver agreement, especially when evaluating the naviculocuneiform and tarsometatarsal joints.
SPECT-CT is useful in localising active arthritis especially in areas where the number and configuration of joints are complex.
Precise localisation of the sites of osteoarthritis is crucial for selective and efficient surgical treatment, especially in areas where the number and configuration of joints are complex, as in the foot and ankle. Degenerative disease of these weight-bearing joints causes disability. Fusion is the recognised surgical treatment to restore function and to relieve pain, 1 but in the foot it has been shown to cause secondary degeneration of the adjacent joints which may require further fusion. [2] [3] [4] Precise localisation of the site of disease is crucial to limit fusion to the affected joints.
Localisation of pain and disability of the mid-and hindfoot is a particular challenge for the treating physician and different radiological techniques are commonly needed. While MRI, CT and conventional radiography are used to analyse the morphology of the bone, scintigraphic bone scanning is employed to exclude pathological turnover of bone in degenerative joint disease. In the foot, accurate localisation of increased bone turnover is difficult because of the low spatial resolution and lack of anatomical landmarks on bone scans. 5 Single photon-emission CT-CT (SPECT-CT) is a new diagnostic tool which fuses the morphological and biological information of CT and bone scanning. [6] [7] [8] We have assessed the reliability of this procedure in the foot and ankle and evaluated its ability to increase the intra-and interobserver reliability to localise increased uptake in symptomatic degenerative joint disease compared with traditional side-by-side evaluation of CT and bone scanning. We also examined whether the reliability of SPECT-CT was dependent on the experience of the assessor (consultant or resident) or the subspecialty (orthopaedics or radiology). Difficulties in the application of this diagnostic tool in the clinical examination of particular anatomical regions were also reviewed.
Patients and Methods
We evaluated clinically 20 consecutive patients with pain of uncertain origin in the foot and ankle using weight-bearing radiographs and hybrid SPECT-CT (SPECT-CT imaging with Symbia T2; Siemens, Munich, Germany). The SPECT-CT apparatus allows the simultaneous registration of three-dimensional (3D) scintigraphic SPECT bone scans by a dual-head gamma camera with 99m technetium dicarboxypropane-diphosphonicacid, and produces 3D thin-slice CT scans. This simultaneous registration in one device produces highly accurate merging of SPECT and CT data which are available as fused SPECT-CT images or as a separate bone scan with a spatial resolution of 7 mm, and a CT scan with images of spatial resolution of less than 1 mm. Standard three-phase whole-body scanning of each patient was used to level the colour intensity of the corresponding SPECT-CT images of the foot and ankle.
All the patients had a complex history which indicated the presence of degenerative joint disease (Table I) . They had all agreed to participate in the study and had given signed written consent. The study was performed in accordance with the World Medical Association Declaration of Helsinki and was approved by the local ethical committee. There were seven men and 13 women with a mean age of 60 years (20 to 79; Table I ).
Five observers at three different levels of training or medical specialty evaluated the images for the presence or absence of joint degeneration. There was one board-certified musculoskeletal radiologist (HR) who specialised in nuclear medicine, two board-certified consultant orthopaedic surgeons (GIP, VV) and two orthopaedic residents (AB, AGL). The ankle was divided into six anatomical areas as follows: anteromedial, anterolateral, posteromedial, the posterolateral tibiotalar joint, and the lateral and medial malleolar joints.
The images were blinded and ordered randomly. Each observer evaluated them twice at intervals of six weeks ( Fig. 1 ) in order to determine the intraobserver reliability. Each assessment was performed in four parts. In the first, the observers examined CT scans (Fig. 1b) , in the second the bone scans (Fig. 1c) , in the third the CT and bone scans together (Figs 1b and 1c) , and in the fourth the SPECT-CT images (Figs 1d). The corresponding weight-bearing radiographs were provided to mimic the clinical setting (Fig. 1a) .
Each joint was graded for the presence of osteoarthritis using the classification of Morrey and Wiedeman 9 in which grade 0 is normal with no signs of osteoarthritis, grade 1 shows minimal narrowing and the formation of osteophytes, grade 2 has marked narrowing and the formation of osteophytes and grade 3 indicates total degeneration of the joint and gross deformity or ankylosis.
In the second assessment of each area the amount of pathological activity was graded as proposed by O'Duffy et al, 10 with grade 0 showing normal activity in the late bone phase related to the background taken as an area over the distal third of the ipsilateral tibia, grade 1 indicating a target-tobackground ratio of between 1 and 2 and grade 2 a targetto-background ratio of more than 2. In the third and fourth 
assessment only areas with morphological and biological changes were graded using the score of O'Duffy et al.
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Statistical analysis. The intra-and interobserver reliabilities were determined by calculating the kappa values for the different anatomical areas and for the experiences and medical specialties of the observers on the basis of multirater kappa value. The latter summarises the strength of agreement for all possible comparisons between observer ratings. 11 It was calculated for CT, bone scanning, CT and bone scanning together and for SPECT-CT. The kappa statistic was used as the chance-corrected measurement of agreement and was interpreted as being perfect in the range of 0.81 to 1.00, good in the range of 0.61 to 0.80, moderate in the range of 0.41 to 0.60, fair between 0.21 and 0.40, and poor in the range of 0.00 to 0.20 according to the definitions of Landis and Koch. 12 The 95% confidence interval (CI) was calculated to provide a range of expected values in the population.
The kappa values of each diagnostic method (CT, bone scanning, CT and bone scanning together, and SPECT-CT) were compared according to the medical specialty of the observers, their level of training and the anatomical regions, namely the ankle, subtalar, Chopart, talonavicular and calcaneocuboid, naviculocuneiform, tarsometatarsal and metatarsophalangeal joints.
The Kolmogorov-Smirnov normality test was used to determine whether the distribution of data was a Gaussian. The Kolmogorov-Smirnov distance was calculated. The Mann-Whitney U test and the Kruskal-Wallis test were used for comparing data in two (level of experience/medical specialty of observer; radiologist vs orthopaedic surgeon) and four (diagnostic imaging tools; CT vs bone scanning vs CT and bone scanning together vs SPECT-CT) unpaired groups, respectively. A p-value ≤ 0.05 was considered to be statistically significant. The data were analysed using SPSS version 9.0 (SPSS Inc., Chicago, Illinois) and SigmaPlot 2004 for Windows (Microsoft Inc., New York, New York). Experimental data were presented as the mean, the 95% CI and the related p-value.
Results
Intraobserver reliability. The mean intraobserver reliability for CT was good (κ = 0.67; 95% CI 0.57 to 0.79; p < 0.01) and for bone scanning (κ = 0.65; 95% CI 0.59 to 0.73; p < 0.01) according to the benchmark definitions of Landis and Koch. 12 The small difference between the values for CT Box plots showing details of intraobserver reliability. The box represents the median and interquartile range (50%), the whiskers indicate 95% confidence intervals.
and bone scanning was not statistically significant (p = 0.4). The mean intraobserver reliability for CT and bone scanning together was good (κ = 0.67; 95% CI 0.60 to 0.76; p < 0.01). The mean intraobserver reliability for SPECT-CT was perfect (κ = 0.86; 95% CI 0.81 to 0.88; p < 0.01) and significantly higher than the intraobserver reliability for CT, bone scanning and CT and bone scanning together (p < 0.01; Fig. 2 ).
Comparing the intraobserver reliability according to the medical specialty and the level of training a significant difference between the radiologist and the orthopaedic residents was seen for CT, bone scanning, and CT and bone scanning together (p < 0.01; Table II) .
Between orthopaedic surgeons and residents there was a significant difference for the bone scanning and CT and bone scanning together (p < 0.01), but not for CT and SPECT-CT (p > 0.05). No significant difference was found for any diagnostic method between the radiologist and the board-certified orthopedic surgeons (p > 0.05). The mean intraobserver reliability for the SPECT-CT was perfect (κ = 0.86; 95% CI 0.81 to 0.88; p < 0.01) without any significant difference between all the observers (p > 0.05). Interobserver reliability. The mean value of the multirater kappa reliability for CT was 0.80 (95% CI 0.66 to 0.93; p < 0.01, good agreement), for the bone scanning 0.69 (95% CI 0.38 to 0.89; p < 0.01, good agreement), CT and bone scanning together 0.83 (95% CI 0.71 to 0.93; p < 0.01, good agreement) and for SPECT-CT 0.92 (CI 0.73 to 1.00; p < 0.01, perfect agreement; Fig. 3 ). The mean interobserver agreement for SPECT-CT was significantly higher than that for CT, bone scanning and CT and bone scanning together (p < 0.01). There were no significant differences between the other modalities (p > 0.05).
Comparison of the interobserver reliability according to the anatomical regions of the foot showed that all mean values for SPECT-CT were at a very high level (Table III) . The differences between the anatomical regions for SPECT-CT were not statistically significant (p > 0.05). However, when comparing interobserver agreements of SPECT-CT with CT and bone scanning together, significant differences were found for the naviculocuneiform and tarsometatarsal joints (p < 0.001; Table III ).
Discussion
Selective fusion of painful osteoarthritic joints in the foot and ankle is crucial for the effective treatment of pain with minimal loss of function. Exact localisation of active degenerative disease may require extensive assessment using several modalities of radiological imaging. In order to shorten the time for proper pre-operative planning, and to decrease the cost of multiple diagnostic imaging a one-step method of diagnosis would be advantageous. Robinson et al 13 proposed the use of 'coregistration imaging', which superimposed the biological information derived from bone-scan images on the morphological assessment of plain radiographs. These authors were able to report a significant increase in the accuracy of the localisation of degenerative Table II . Mean kappa intraobserver reliability and intraobserver agreement according to medical specialty and level of training. All differences between CT and bone scanning vs SPECT-CT were significant (p < 0.01). Box plots showing details of interobserver reliability.The box represents the median and interquartile range (50%), the whiskers indicate 95% confidence intervals.
joint disease in the foot and ankle, but the method was not used in routine clinical work. Currently, SPECT-CT is assuming a wider role and its technical advantages promise considerable improvements in the evaluation of diseases in orthopaedic surgery and other medical specialties. [6] [7] [8] 14 However, its reliability in clinical use in the foot and ankle
has not yet been tested. In our study we evaluated the intraand interobserver reliability in localising active degenerative joint disease in the foot and ankle. In order to determine the added value of SPECT-CT imaging we compared its observer reliability with that of the traditional side-byside evaluation of CT and bone scanning. In order to assess the intra-and interobserver reliability of CT or bone scanning in the evaluation of degenerative joint disease experienced musculoskeletal radiologists and/ or orthopaedic surgeons are needed. 15 However, our study used observers of different medical background and different levels of experience in order to accentuate the potential differences in the interpretation of imaging. In such circumstances high intra-and interobserver reliability allows more precise conclusions to be drawn as to the value of a diagnostic method, whereas low reliability should be interpreted with caution.
The more accurate a diagnostic method is, the higher is its intraobserver agreement. The CT scan used in our study had a spatial resolution of less than 1 mm in contrast to approximately 7 mm for the bone scan. Therefore it is not surprising that the bone scan alone showed a lower intraobserver reliability and agreement than the methods which used a CT scan (Fig. 2) . The morphological changes in radiological imaging correlate poorly with symptoms and with the progression of degenerative joint disease. 9, 16 However, scintigraphic activity correlates with the symptoms of degenerative joint disease 17 and serves as a strong negative predictive value for the progression of joint degeneration. 18 Hence, in the evaluation of degenerative joint disease in the foot and ankle with pain of uncertain origin, evaluation by both a CT and a bone scan is the traditional method to determine the localisation of active joint degeneration. In our study, side-by-side evaluation did not increase the intraobserver agreement compared with that of bone scanning alone. However, the use of SPECT-CT images significantly increased the intraobserver agreement. Higher levels of experience should yield higher intraobserver agreement, and our results support this view. Board-certified orthopaedic surgeons and the radiologist had a significantly higher intraobserver agreement than that of the orthopaedic residents, but medical specialty had no influence on intraobserver reliability and no significant difference was found between board-certified orthopaedic surgeons and the radiologist. However, the intraobserver agreement was significantly increased by SPECT-CT compared with side-by-side evaluation of CT and bone scanning without significant differences between the levels of experiences. SPECT-CT imaging appears to overcome lack of experience by displaying active joint degeneration in a non-ambiguous way.
The interobserver agreement in analysis of SPECT-CT images was significantly higher compared with that of the other diagnostic modalities (Fig. 3) . The differences were similar to those in intraobserver agreement. The SPECT-CT interobserver agreement was perfect in all the anatomical areas of the foot and ankle and in selective areas with CT, bone scanning and CT and bone scanning together (Table III) . Only at the naviculocuneiform and tarsometatarsal joints was a significantly higher interobserver agreement found with SPECT-CT compared to side-by-side evaluation. The midfoot area with the naviculocuneiform and tarsometatarsal joints is a complicated region with several joints close to each other. In such difficult areas accurate merged high-resolution images of SPECT-CT are helpful as was shown by the perfect interobserver agreement at these sites.
Our data indicated that SPECT-CT has added value for the orthopaedic surgeon and radiologist in localising active degenerative joint disease in the foot and ankle with multiple arthritic joints. Its importance may be most pronounced in small complicated anatomical sites and for observers with limited clinical experience.
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